Background: Rasagiline is a monoamine oxidase type-B inhibitor in development in Japan for Parkinson's disease (PD). The objective of this Phase 3, randomized, double-blind study was to evaluate the efficacy and safety of rasagiline in Japanese patients with early PD (NCT02337725). Methods: Patients were 30-79 years old with a diagnosis of PD within 5 years. Following a two-week placebo run-in period, patients were randomized 1:1 to receive rasagiline (1 mg/day) or placebo for up to 26 weeks. The primary endpoint was change from baseline in the MDS-UPDRS Part II + III total score (TS). Secondary endpoints included the MDS-UPDRS Parts II + III, III, II, and I TS and safety. Results: In total, 118 patients were randomized to rasagiline and 126 to placebo. Patient characteristics at baseline were similar in both groups. The change from baseline in the MDS-UPDRS Part II + III TS was significantly greater in the rasagiline vs. placebo group (rasagiline-placebo: −6.39, 95% CI: −8.530, −4.250; P < 0.0001). The mean changes from baseline in the MDS-UPDRS Part II + III, Part III and Part II TS were lower at treatment visits between weeks 6 and 26 in the rasagiline vs. placebo groups. The overall incidence of treatment-emergent adverse events (TEAEs) was 62.4% and 52.4% in the rasagiline and placebo groups, respectively; most frequent TEAE was nasopharyngitis (15.4% and 15.1%). Conclusion: Treatment with oral rasagiline 1 mg/day was effective and well-tolerated in Japanese patients with early PD, with a significantly greater improvement in the MDS-UPDRS Part II + III TS vs. placebo, and a similar safety profile.
Introduction
Parkinson's disease (PD) is the second most common neurodegenerative disorder after Alzheimer's disease [1, 2] , affecting more than 1% of people aged older than 60 years old, and up to 4% of those aged more than 80 years old, worldwide [3] . In Japan, the overall prevalence is estimated to be between 100 and 150 per 100,000 people [4] .
Loss of dopaminergic neurons and resulting deficiency in dopaminergic neurotransmission in the nigrostriatal pathway underlies the classical parkinsonian motor symptoms: bradykinesia, resting tremor, muscle rigidity, and postural instability [1, 4] . There is no cure for PD, but current treatment options to alleviate symptoms include levodopa, dopamine agonists, and monoamine oxidase B inhibitors (MAOB-Is) been evaluated in four key Phase 3 clinical trials, in North America and Europe [10] [11] [12] [13] . In the TEMPO study, patients with early PD who received 1 mg/day rasagiline monotherapy for 26 weeks had a 4.2-point reduction in Unified Parkinson's Disease Rating Scale (UPDRS) total score, greater than the reduction that occurred with placebo [11] . In the ADAGIO study, between weeks 12 and 36 of treatment, an increase in UPDRS score occurred in the placebo group, with a smaller increase in the rasagiline 1 mg/day group; early-treatment with 1 mg/day (but not 2 mg/day) rasagiline was superior to delayed-start treatment [10] . Quality of life measured using the Parkinson's Disease Quality of Life questionnaire (PDQUALIF) was shown to be improved after 26 weeks of rasagiline therapy [14] . The efficacy and safety of rasagiline as an adjunct to levodopa have also been demonstrated in patients with more advanced disease [12, 13] . As of June 2017, rasagiline is approved in 55 countries, including the USA and several European countries, for treatment of PD as monotherapy or combination therapy with levodopa or a dopamine agonist [15] .
To date, no controlled studies have evaluated rasagiline monotherapy for Japanese patients with early PD. We conducted a study to evaluate the efficacy and safety of 26 weeks of oral rasagiline (1 mg/ day) as monotherapy in Japanese patients with early PD, using changes in the Movement Disorder Society-Unified Parkinson's Disease Rating Scale scores [16, 17] (MDS-UPDRS) as efficacy endpoints.
Methods

Study design
This was a multicenter, randomized, double-blind, placebo-controlled, parallel-group, Phase 3 study (NCT02337725) to evaluate the efficacy and safety of rasagiline in Japanese patients with early PD. The study consisted of an initial two-week single-blind run-in period, in which patients received placebo once daily for 2 weeks, followed by a 26-week double-blind treatment period, in which patients were randomized 1:1 to receive either placebo or oral rasagiline 1 mg/day ( Supplementary Fig. 1 ).
The run-in period was designed to reduce the influence of placebo response on the study results.
The study was reviewed and approved by the Institutional Review Board (IRB) at each of the participating study centers.
Patients
Eligible patients were aged 30-79; had been diagnosed with PD in the previous 5 years; had at least two of the following symptoms: resting tremor, akinesia/bradykinesia, muscle rigidity; had a MDS-UPDRS Part II + Part III total score ≥14, and a modified Hoehn & Yahr [18] stage score of 1-3 at the start of the run-in period (visit 1). For enrollment into the treatment period, patients were required to have a MDS-UPDRS Part II + Part III total score of ≥14 at baseline (week 0).
Key exclusion criteria included: use of any investigational drug within 90 days prior to visit 1; previous use of rasagiline; a Mini-Mental State Examination (MMSE) score ≤24; treatment with amantadine or an anticholinergic drug for ≥180 days; treatment with selegiline, levodopa or dopamine agonists for ≥90 days; use of selegiline within 90 days of visit 1, or of any medication containing levodopa, dopamine agonists, amantadine or anticholinergic drugs within 30 days of visit 1. Concomitant use of antidepressants was prohibited.
This study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki, as well as Good Clinical Practice, and all applicable laws and regulations. All patients provided written, informed consent.
Endpoints and assessments
The primary endpoint was the change in MDS-UPDRS Part II (motor aspects of activities of daily living) + Part III (motor examination) total score from baseline (week 0) to week 26 (Last Observation Carried Forward [LOCF]) of the treatment period. The secondary endpoints were changes from baseline to each visit throughout the treatment period in: MDS-UPDRS Part II + Part III total score; MDS-UPDRS Part I (non-motor aspects of experiences of daily living) total score; MDS-UPDRS Part II total score; and MDS-UPDRS Part III total score. Additional endpoints were proportion of patients with a change from baseline to week 26 in the MDS-UPDRS Part II + Part III total score < 3, changes from baseline to week 26 (LOCF) in MDS-UPDRS tremor, bradykinesia, and muscle rigidity scores, and in the Parkinson's Disease Questionnaire-39 (PDQ-39) [19] summary index and scores for individual domains of the PDQ-39. Safety was assessed by evaluating the incidence of treatment-emergent adverse events (TEAEs), classified using the Medical Dictionary for Regulatory Activities (MedDRA) version 19.0.
The MDS-UPDRS evaluation was performed by accredited investigators (except Part IB and Part II, which were self-evaluated by patients). Scores were recorded at every visit, except week 3. The PDQ-39 questionnaire was self-administered and scores were recorded at weeks 0, 14 and 26.
Statistical analysis
An analysis of covariance (ANCOVA) model was used to evaluate the least square (LS) mean change in the MDS-UPDRS scores from baseline to week 26 for the primary endpoint, and from baseline to each visit of the treatment period for the secondary endpoints, with baseline values as covariates. Logistic regression was performed to evaluate the odds ratio for a change from baseline to week 26 in the MDS-UPDRS Part II + Part III total score being < 3. Changes in PDQ-39 scores from baseline to week 26 were also analyzed by ANCOVA. Missing data were accounted for by the LOCF method.
For sample size calculation, a two-sample t-test with a two-sided 5% significance was applied. Assuming the effect size for the mean difference in the change from baseline to week 26 in MDS-UPDRS Part II + Part III total scores between the rasagiline and placebo groups to be −0.44, a sample size of 240 patients (120 per group) was found to provide 90% power to detect a statistically significant difference between treatment groups.
Results
Patients
The study was conducted at 68 sites in Japan, between February 2015 and September 2016. Of the 267 screened patients, 253 were enrolled into the run-in period. Of these, 244 were randomized to receive placebo (n = 126) or rasagiline (n = 118); 100 patients in the placebo group and 110 patients in the rasagiline group completed the study ( Supplementary Fig. 2 ). The main reason for discontinuation in the placebo and rasagiline groups was voluntary withdrawal and adverse events, respectively.
At baseline (week 0), patient characteristics were generally well balanced between treatment groups ( Table 1 ). The mean MDS-UPDRS Part II + Part III total score was 33.8 in the placebo group and 34.4 in the rasagiline group.
Efficacy
At week 26 (LOCF), the LS mean change from baseline in the MDS-UPDRS Part II + Part III total score (primary endpoint) was 1.87 (95% confidence interval [CI]: 0.385, 3.347) for the placebo group and −4.52 (95% CI: −6.068 -2.980) for the rasagiline group (Table 2) , representing a relative improvement in symptoms for patients receiving rasagiline vs. placebo. The difference between groups was statistically N. Hattori et al.
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significant (rasagiline-placebo: −6.39, 95% CI: −8.530, −4.250; P < 0.0001).
There was a greater decrease in the MDS-UPDRS Part II + Part III and Part III total scores from baseline at treatment visits between weeks 6 and 26 (inclusive) in the rasagiline group compared with the placebo group (Fig. 1A, B ). Between weeks 6 and 26, the MDS-UPDRS Part II score increased with placebo, but not with rasagiline, representing an improvement in symptoms in the rasagiline group compared with placebo (Fig. 1C) . For the MDS-UPDRS Part I total score, the mean change from baseline was similar for both groups at week 6, but was less for the rasagiline group than the placebo group between weeks 10 and 26 (Fig. 1D) .
The LS mean change from baseline to week 26 (LOCF) in the MDS-UPDRS Part III total score was −0.48 and −4.47 for the placebo and rasagiline groups, respectively; the between-group difference was statistically significant (−3.98, 95% CI: −5.800, −2.165; P < 0.0001). There was an increase in MDS-UPDRS Part II and Part I total scores from baseline to week 26 (LOCF) in both treatment groups; it was greater in the placebo group. The LS mean difference between groups was statistically significant for both Part II (−2.19, 95% CI: −3.143, −1.235, P < 0.0001) and Part I total scores (−0.80, 95% CI: −1.504, −0.099, P = 0.0255) ( Table 2) .
The proportions of patients with a change from baseline to week 26 in the MDS-UPDRS Part II + Part III total score of < 3 were 81.7% and 53.6% in the rasagiline and placebo groups, respectively; this difference was statistically significant (odds ratio 3.93; 95% CI: 2.172, 7.123; P < 0.0001). LS mean changes from baseline to week 26 (LOCF) with placebo and rasagiline were 0.02 and −1.20, respectively, for MDS-UPDRS tremor, −0.14 and −1.69 for MDS-UPDRS bradykinesia, and −0.21 and −1.00 for MDS-UPDRS rigidity ( Table 2 ). All the differences between treatment groups were statistically significant.
At week 26 (LOCF), the LS mean change from baseline in the PDQ-39 summary index was 2.84 for the placebo group vs. 1.24 for the rasagiline group; the difference between groups was not statistically 
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significant (−1.60, 95% CI: −3.586, 0.381, P = 0.1128) ( Table 3) . Mean changes from baseline for all individual domain scores were numerically greater for the rasagiline group than the placebo group; the differences between groups were statistically significant for the domains activities of daily living (rasagiline-placebo: −4.68, 95% CI: −7.950, −1.401, P = 0.0053) and emotional well-being (rasagilineplacebo: −3.70, 95% CI: −6.669, −0.724, P = 0.0150).
Safety
The proportion of patients who completed 24 weeks or more of treatment was 79.4% in the placebo group and 93.2% in the rasagiline group. Treatment duration was on average 157.4 ( ± 49.3) and 173.5 ( ± 31.7) days for the placebo and rasagiline groups, respectively.
The overall incidence of TEAEs was lower for the placebo group (52.4% [66/126]) than the rasagiline group (62.4% [73/117]). Most TEAEs in either treatment group were mild or moderate in severity; 35 patients in the placebo group (27.8%) had drug-related TEAEs, compared with 46 in the rasagiline group (39.3%). TEAEs leading to discontinuation occurred in 8 patients in the placebo group (6.3%) and 3 patients in the rasagiline group (2.6%) (Supplementary Table 1 ). The most frequent TEAE was nasopharyngitis, occurring in approximately 15% of patients in both treatment groups (Supplementary Table 2 ). TEAEs related to study-drug with an incidence ≥3% in either group were nasopharyngitis, (2.4%/4.3%, placebo/rasagiline) and eczema (1.6%/4.3%). Serious TEAEs occurred in 8 patients in the placebo group (6.3%) and in 4 patients in the rasagiline group (3.4%). Drugrelated serious TEAEs occurred in 5 (4.0%) and zero patients in the placebo and rasagiline groups, respectively, while 4 (3.2%) and 1 (0.9%), respectively, discontinued from the study due to serious TEAEs. There was one death during the study in the placebo group; the cause of death was completed suicide; this was judged to be unlikely to be related to the study drug.
Discussion
To our knowledge, this was the first large randomized clinical trial in patients with PD in Japan to utilize changes in MDS-UPDRS scores as efficacy endpoints (instead of UPDRS scores). Although UPDRS is a commonly used and validated scale for assessment of efficacy of PD symptoms [20] , the MDS-UPDRS is an updated and improved scale, the results of which correlate with those of the original UPDRS, and have been validated for the assessment of PD symptoms [16] . One of the major changes in the revision of the UPDRS scale was the expansion of the non-motor part in the MDS-UPDRS scale [16] . A validated Japanese translation of the MDS-UPDRS was used in this study [17] .
The primary endpoint was the change in the MDS-UPDRS Part II + Part III total score from baseline to week 26 (LOCF). An improvement of −4.52 was observed in rasagiline-treated patients, compared with a worsening of 1.87 in placebo-treated patients, the difference between treatments was statistically significant.
The most notable improvement with rasagiline therapy in any individual domain was with regard to the motor examination subscale (MDS-UPDRS Part III total score), with a −4.47 point difference to the baseline score, which, according to Horvath et al. is clinically meaningful [21] . These authors found a change of −3.25 in MDS-UPDRS Part III total score to be the minimal clinically meaningful improvement [21] . For MDS-UPDRS Part II total score, changes of −3.05 and 2.51 were considered to be clinically meaningful improvement and worsening, respectively [22] . In the present study, changes from baseline to week 26 (LOCF) of 0.13 and 2.32 in MDS-UPDRS Part II total score were observed for rasagiline and placebo, respectively. Therefore, the change in the rasagiline group was not clinically meaningful, while an almost clinically meaningful worsening was observed in the placebo group. The changes from baseline in MDS-UPDRS Part II + Part III, Part III, and Part II total scores at weeks 6, 10, 14, and 20 also indicated a relative improvement with rasagiline therapy; the differences in favor of rasagiline were maintained from week 6 until the end of the study.
In the TEMPO study in North-American patients with early PD receiving rasagiline 1 mg/day as first-line treatment, there was a difference of −4.2 in the UPDRS total score, and of −2.7 in the UPDRS Part III score, compared with placebo [11] . A meta-analysis of randomized clinical trials in patients with early PD identified a reduction in UPDRS total score of approximately 3 points between rasagiline and placebo [23] . Another meta-analysis of 12 randomized trials of MAOB-Is (mostly selegiline) in patients with early PD receiving first-line therapy or starting treatment in the previous 12 months demonstrated a similar benefit of −3.8 in the UPDRS motor score [24] . Most recently, an improvement of −3.01 in the UPDRS Part II + Part III total score was reported after 12 weeks treatment with selegiline in Japanese patients [25] . Although the UPDRS scale was used, the symptomatic benefit provided by rasagiline in the above studies can be considered similar to the present study in Japanese patients, in which the MDS-UPDRS scale was used.
Regarding the MDS-UPDRS Part I total score, in the present study the rasagiline-placebo difference in the change from baseline to week 26 was statistically significant at −0.80. This was similar to the finding observed in the ADAGIO study, in which a draft version of the MDS-UPDRS Part I total was used in a secondary analysis: the change from baseline to week 36 was 0.34 in the placebo group, and 0.01 in the rasagiline 1 mg/day group, with a −0.33 between-group difference [26] .
The change in the PDQ-39 questionnaire summary index score after 26 weeks of treatment was numerically greater in the rasagiline group compared with placebo in the present study, but the difference was not statistically significant. Because the present study was not powered to detect changes in this measure, a potential reason for this lack of significance is the relatively low PDQ-39 summary index score observed for both treatment groups at baseline, which implies that a greater number of patients would have been required to detect a significant difference. Furthermore, the relative insensitivity to change of this measure in patients with early PD has been previously suggested in entacapone studies [27, 28] . Nevertheless, for the activities of daily living and emotional well-being sub-scores, a statistically significant difference in the change from baseline was observed in rasagiline patients compared with placebo. Patient-reported outcomes in previous trials have also shown to be improved following rasagiline therapy. For example, in the TEMPO trial there were improvements from baseline to week 26 in the PDQUALIF scale score with rasagiline 1 mg/day and 2 mg/day, but not with placebo [11, 14] . In the PRESTO trial, a trend towards improvement in the PDQUALIF scale score was demonstrated for 0.5 mg/day rasagiline, but not with 1 mg/day rasagiline [12] . In terms of safety, the majority of TEAEs reported during treatment with rasagiline in this study were mild, and no new safety concerns were identified. There was a higher incidence of TEAEs in the rasagiline group (62.4% vs. 52.4%), including those deemed to be related to the study drug (39.3% vs. 27.8%), than in the placebo group. Serious TEAEs, however, occurred in more patients receiving placebo (6.3%) than in those receiving rasagiline (3.4%). Only two TEAEs had an incidence of ≥5%, namely nasopharyngitis and fall, and at similar rates between treatment groups. In the TEMPO trial, TEAEs occurred at similar rates in the rasagiline and placebo groups, the overall incidence (approximately 80%) being somewhat higher than in the current study [11] .
A potential limitation of the present study is that it was not designed to detect the onset time of efficacy with rasagiline treatment, as the first assessment was performed after 6 weeks of treatment, and it is possible that efficacy could have been observed before that time. In addition, given the chronic nature of the disease, the study was performed for a relatively short duration of time; further studies are warranted to evaluate the long-term efficacy of rasagiline in Japanese patients.
In conclusion, this Phase 3 study provides evidence that oral rasagiline 1 mg/day is effective at improving symptoms of PD, including motor symptoms, and is well tolerated in Japanese patients with early disease. Subject to receiving official approval, rasagiline represents a potentially valuable new treatment option as monotherapy for Japanese patients with early PD.
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